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Description 

Background of the Invention 
Field of The Invention 

[0001] The present invention relates to InAIGaN (in- 
dium aluminum gallium nitride) emitting light in an ultra* 
violet short-wavelength region, and a process for pre- 
paring the same as well as to an ultraviolet light-emitting 
device using the InAIGaN emitting light in an ultraviolet 
short-wavelength region, and more particularly to InAI- 
GaN emitting light in an ultraviolet short-wavelength re- 
gion at room temperature with high efficiency, and a 
process for preparing the same as well as to an ultravi- 
olet light-emitting device using the InAIGaN emitting 
light In an ultraviolet short-wavelength region at room 
temperature with high efficiency. 

Description of The Related Art 

[0002] Nitride semiconductors such as GaN (gallium 
nitride) , InGaN (indium gallium nitride), and AIGaN (alu- 
minum gallium nitride) which have been heretofore uti- 
lized as an ultraviolet light-emitting device for emitting 
light in an ultraviolet short-wavelength region having a 
wavelength of 360 nm or shorter. However, highly effi- 
cient light emission cannot be attained by such nitride 
semiconductors at room temperature in an ultraviolet 
short-wavelength having a wavelength of 360 nm or 
less. Accordingly, it has been concluded that an ultravi- 
olet light-emitting device, which can emit light in an ul- 
traviolet short-wavelength region cannot be realized by 
the use of such nitride semiconductors as described 
above. 

[0003] Namely, a wavelength of up to 370 nm can be 
merely realized with respect to light-emitting diode as a 
light-emitting device wherein a nitride semiconductor is 
used in a short-wavelength, while only a wavelength of 
up to 390 nm can be realized with respect to laser diode 
until now. 

[0004] Thus, there has been a strong need for devel- 
opments as to InAIGaN exhibiting highly efficient light 
emission at room temperature in an ultraviolet short- 
wavelength region of a wavelength of 360 nm or shorter, 
and a process for preparing the same as well as an ul- 
traviolet light-emitting device wherein the InAIGaN emit- 
ting light in an ultraviolet short-wavelength region is em- 
ployed. 

Objects and Summary of The Invention 

[0005] The present invention has been made in view 
of the needs which have been heretofore demanded 
strongly as described above, and an object of the inven- 
tion is to provide InAIGaN exhibiting highly efficient light 
emission at room temperature in an ultraviolet short- 
wavelength region of a wavelength of 360 nm or shorter, 



and a process for preparing the same as well as an ul- 
traviolet light-emitting device wherein the InAIGaN emit- 
ting light at room temperature with high efficiency in an 
ultraviolet short-wavelength region is used. 
5 [0006] In order to achieve the above-described ob- 
ject, InAIGaN according to the invention comprises a ra- 
tio of composition of In being 2% to 20%, a ratio of com- 
position of Al being 1 0% to 90%, and a total of ratios of 
composition of In, Al, and Ga being 100%. 
w [0007] Furthermore, a ratio of composition of the In 
may be 6% or more in the above described InAIGaN. 
[0008] Moreover, a process for preparing InAIGaN ac- 
cording to the present invention comprises the InAIGaN 
being subjected to crystal growth at a growth tempera- 
's ture of 830°C to 950°C in accordance with metalorganic 
vapor phase epitaxy wherein ammonia, trimethylgal- 
lium, a trimethylindium adduct, and trimethyialumlnum 
are used as material gases. 

[0009] Furthermore, a flow rate of the ammonia is 2 

20 L/min, a flow rate of the trimethylgallium is 2 jxmol/min 
to 5 nmol/min, a flow rate of the trimethylindium adduct 
is 5 jxmol/min to 60 jimo l/min, and a flow rate of the tri- 
methylaluminum is 0.5 jimol/min to 10 |imol/min in the 
above described process for preparing InAIGaN accord- 

25 ing to the invention. 

[0010] Moreover, an ultraviolet light-emitting device 
using the InAIGaN according to the invention comprises 
a first InAIGaN layer wherein a ratio of composition of 
In is 2% to 20%, a ratio of composition of A1 is 10% to 

30 90%, and a total of ratios of composition in In, Al, and 
Ga is 1 00%, and a second InAIGaN layer ratios of com- 
position of which differ from that of the first layer wherein 
a ratio of composition of In is 2% to 20%, a ratio of com- 
position of Al is 1 0% to 90%, and a total of ratios of com- 

35 position in In, Al, and Ga is 100%; and the InAIGaN in- 
volves a quantum well structure formed by laminating 
alternately a plurality of layers of the first InAIGaN layer, 
and the second InAIGaN layer. 

[001 1 ] Furthermore, a ratio of composition of the In in 
40 the first InAIGaN layer is 6% or more in the above de- 
scribed ultraviolet light-emitting device using the InAI- 
GaN according to the present invention. 

Brief Description of The Drawings 

45 

[0012] The present invention will become more fully 
understood from the detailed description given herein- 
after and the accompanying drawings which are given 
by way of illustration only, and thus are not limitative of 
so the present invention, and wherein: 

FIG. 1 is an explanatory diagram illustrating a con- 
ceptual construction of crystal growth equipment for 
producing InAIGaN emitting light in an ultraviolet 
55 short-wavelength region according to the present 
invention on a substrate such as a semiconductor 
wafer as a crystal thin film in accordance with met- 
alorganic vapor phase epitaxy; 
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FIG. 2 is a correlated diagram of growth tempera- 
tures and gas flows; 

FIG. 3 is an explanatory diagram showing a range 
of growth temperature in vapor phase deposition of 
a nitride semiconductor; 

FIG. 4 is a graphical representation indicating ef- 
fects in introduction of Al into InGaN; 
FIG. 5 is a graphical representation indicating ef- 
fects in introduction of In into AIGaN; 
FIG. 6 is a graphical representation indicating ultra- 
violet light emission from a quantum well of InAI- 
GaN; and 

FIG. 7 is an explanatory view illustrating a quantum 
well structure formed by laminating InAIGaN on SiC 
through an AIGaN buffer layer. 

Detailed Description of The Preferred Embodiments 

[0013] In the following, an example or embodiments 
of InAIGaN emitting light in an ultraviolet short-wave- 
length region according to the present invention, and a 
process for preparing the same as well as of an ultravi- 
olet light-emitting device wherein the InAIGaN emitting 
light in an ultraviolet short-wavelength region is used will 
be described in detail. 

[0014] InAIGaN emitting light in an ultraviolet short- 
wavelength region according to the present invention 
(hereinafter referred optionally to as "ultraviolet light- 
emitting InAIGaN") may be prepared on a substrate as 
a semiconductor wafer as a crystal thin film by crystal 
growth equipment in accordance with, for example, met- 
alorganic vapor phase epitaxy. In FIG. 1 , an example of 
such crystal growth equipment is illustrated. 
[0015] Namely, FIG. 1 is an explanatory diagram illus- 
trating a conceptual construction of crystal growth 
equipment for preparing ultraviolet light-emitting InAI- 
GaN wherein the crystal growth equipment 1 0 is provid- 
ed with a crystal growth reactor 14 around which is sur- 
rounded by an RF heating coil 12 wherein a susceptor 
18 on the upper surface of which is placed a semicon- 
ductor wafer 1 6 as a substrate for growing the ultraviolet 
light-emitting InAIGaN, and the susceptor that functions 
to heat the semiconductor wafer 16. 
[0016] Furthermore, an RF power source 20 is con- 
nected to the RF heating coil 12, and in addition, an RF 
controller 22 composed of a microcomputer is connect- 
ed lo the RF power source. 

[0017] The RF controller 22 controls an output of the 
RF power source 20. Namely, power supply from the RF 
power source 20 to the RF heating coil 12 is controlled 
by the RF controller 22, and the susceptor 18 is heated 
by the RF heating coil 12 in response to the power sup- 
ply from the RF power supply source 20. 
[0018] More specifically, the susceptor 18 is heated 
by eddy-current induction heating due to power supply 
from the RF power source 20 to the RF heating coil 12 
in the crystal growth equipment 10. 
[001 9] The susceptor 1 8 is made of, for example, car- 



bon and the like. 

[0020] On one hand, on the crystal growth reactor 14 
are defined a gas introducing hole 14a for introducing a 
variety of gases such as material gases of materials of 
5 ultraviolet light-emitting InAIGaN to be formed on the 
semiconductor wafer 16 and carrier gases as well as a 
gas exhausting hole 1 4b for exhausting a variety of gas- 
es which have been introduced in the crystal growth re- 
actor 1 4. 

io [0021] In the construction as described above, mate- 
rial gases of materials required for forming a crystal thin 
film of ultraviolet light-emitting InAIGaN are introduced 
in the crystal growth reactor 14, which has been depres- 
surized to 76 Jorr, together with carrier gases through 
15 the gas introducing hole 1 4a in order to form the crystal 
thin film of the ultraviolet light-emitting InAIGaN on the 
semiconductor wafer 16 placed on the susceptor 18. 
[0022] In this case, the susceptor 1 8 has been heated 
by the RF healing coil 12 in response lo power supply 
from the RF power source 20 that is controlled by the 
RF controller 22 based on a monitor of a thermocouple 
(not shown) , which had been embedded in the suscep- 
tor 18, so that the semiconductor wafer 16 is also heated 
by means of heat conduction derived from the susceptor 
18 heated at a growth temperature optimum for forming 
the crystal thin film of the ultraviolet light-emitting InAI- 
GaN in accordance with crystal growth. \ 
[0023] Thus, the material gases introduced in the 
crystal growth reactor 1 4 are decomposed and reacted 
by heat, whereby the crystal thin film of the ultraviolet 
light-emitting InAIGaN is formed on the semiconductor 
wafer 16 in accordance with crystal growth. 
[0024] In this case, the material gases required for 
forming a crystal thin film of ultraviolet light-emitting In- 
AIGaN are ammonia, trimethylgallium, atrimethylindium 
adduct, and trimethylaluminum. Furthermore, the carri- 
er gases are hydrogen and nitrogen. 
[0025] A flow rate of these material gases is, for ex- 
ample, 2 L/min in case of ammonia, 2 |xmol/min to 5 
fxmol/min in case of trimethylgallium, 5 jimol/min to 60 
[imol/min in case of trimethylindium adduct, and 0.5 
^unol/min to 10 nmol/min in case of trimethylaluminum, 
respectively. 

[0026] On one hand, a flow rate of the carrier gases 
is 100 cc/min in case of hydrogen, and 2 L/min in case 
of nitrogen, respectively. 

[0027] Since a growlh temperature of crystal growth 
of ultraviolet light-emitting InAIGaN is 830°C to 950°C, 
the semiconductor wafer 1 6 is set in such that it is heat- 
ed at a temperature of 830°C to 950°C. 
[0028] Furthermore, a growth rate of the crystal thin 
film of ultraviolet light-emitting InAIGaN is set at 1 20 nm/ 
hour. 

[0029] FIG. 2 is a correlated diagram of growth tem- 
peratures and gas flows. The material gases are fed into 
the crystal growth reactor 14 at timings and growth tem- 
peratures as shown in FIG. 2. 

[0030] Meanwhile, a growth temperature in crystal 
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growth of InGaN is within a range of from 650°C to 
750°C as shown in FIG. 3, while a growth temperature 
in crystal growth of AIGaN is within a range of from 
1000*0 to 1200°C as shown in FIGS. 2 and 3. In this 
respect, InGaN differs remarkably from AIGaN in their 
growth temperatures in crystal growth. Therefore, it has 
been heretofore considered that preparation of high 
quality crystal of InAIGaN is impossible. 
[0031] According to experiments by the present in- 
ventor, however, results of the experiments have exhib- 
ited that crystal growth of high quality InAIGaN proceeds 
at a temperature of 830°C to 950°C being an interme- 
diate temperature defined between the growth temper- 
ature in crystal growth of InGaN and the growth temper- 
ature in crystal growth of AIGaN, whereby ultraviolet 
light-emitting InAIGaN can be obtained as shown in 
FIGS. 2 and 3. 

[0032] In a ratio of composition of the resulting ultra- 
violet light-emilting InAIGaN thus obtained, In is 2% to 
20%, and A1 is 10% to 90% (It is to be noted that total 
in ratios of composition of In, Al, and Ga is 100%). In 
this case, it is preferred that a ratio of composition of In 
is 6% or higher. 

[0033] In vapor phase deposition of the above de- 
scribed ultraviolet light-emitting InAIGaN, a content of 
in in a crystal increases inductively by introduction of AI 
as mentioned hereinafter by referring to FIGS. 4 through 
6. 

[0034] As a result of introduction of several % of In 
into AIGaN, ultraviolet light- emitting intensity is remark- 
ably enhanced. 

[0035] Namely, ultraviolet light-emitting InAIGaN is 
possible to emit light at room temperature with high ef- 
ficiency in a short-wavelength region in a deep ultravio- 
let region of a wavelength of 280 nm to 360 nm. Accord- 
ingly, when such ultraviolet light-emitting InAIGaN as 
described above is used, an ultraviolet light-emitting de- 
vice emitting light in a wavelength region of a wave- 
length of 280 nm to 360 nm can be prepared. 
[0036] In the following, experimental results of ultra- 
violet light-emitting InAIGaN at room temperature will be 
described by referring to FIGS. 4 through 6 wherein the 
ultraviolet light-emitting InAIGaN was prepared at 
830°C growth temperature and at 120 nm/hour growth 
rate in the case where a flow rate of ammonia is 2 L/min, 
that of trimethylgallium is 3 jxmol/min, that of a trimeth- 
ylindium adduct is 60 ujnol/min, and that of trimelhyla- 
luminum is 0.5 (imol/min with respect to material gases, 
besides a flow rate of hydrogen is 100 cc/min, and that 
of nitrogen is 2 L/min with respect to carrier gases. 
[0037] FIG. 4 indicates an effect of introduction of Al 
into InGaN. As shown in FIG. 4, In is introduced induc- 
tively into a crystal as a result of introduction of Al into 
InGaN. In this connection, the most intensive light emis- 
sion is achieved in the case when In is 6%, and Al is 
16% in a ratio of composition of InGaN. 
[0038] Furthermore, FIG. 5 indicates an effect of in- 
troduction of In into AIGaN. Light-emitting intensity in- 



creases remarkably with increase of a ratio of introduc- 
tion of In into AIGaN as shown in FIG. 5. 
[0039] Moreover, FIG. 6 indicates results of ultraviolet 
light emission in the case where an InAIGaN layer hav- 
5 ing a different ratio of composition is laminated on SiC 
through an AIGaN buffer layer to form a quantum well 
structure as shown in FIG. 7, and it is irradiated with 
laser beam of 257 nm wavelength. 
[0040] As described above, since InAIGaN emits ul- 
10 traviolet light with a quantum well structure, an ultravio- 
let light-emitting device such as light-emitting diode, and 
laser diode provided with a quantum well structure that 
is prepared by laminating InAIGaN layers having differ- 
ent ratios of composition from one another can be con- 
's structed. 

[0041] More specifically, a quantum well structure 
may be constructed by such a manner that InAIGaN lay- 
ers formed on SiC through a buffer layer of AIGaN are 
doped in the form of p-lype or n-type, and they are lam- 
20 inated on one another to form the quantum well structure 
as shown in FIG. 7, thereafter it is provided with elec- 
trodes. 

[0042] The present invention is constructed as de- 
scribed above, so that it exhibits such an excellent ad- 

25 vantage to provide InAIGaN emitting light at room tem- 
perature with high efficiency in an ultraviolet short-wave- 
length region of a wavelength of 360 nm or shorter and 
a process for preparing the same as well as an ultravi- 
olet light-emitting device using the InAIGaN emitting 

30 |jght in an ultraviolet short-wavelength region. 

[0043] It will be appreciated by those of ordinary skill 
in the art that the present invention can be embodied in 
other specific forms without departing from the spirit or 
essential characteristics thereof. 

35 [0044] The presently disclosed embodiments are 
therefore considered in all respects to be illustrative and 
not restrictive. The scope of the invention is indicated 
by the appended claims rather than the foregoing de- 
scription, and all changes that come within the meaning 

40 and range of equivalents thereof are intended to be em- 
braced therein. 

[0045] The entire disclosure of Japanese Patent Ap- 
plication No. 2000-4531 8 filed on February 23, 2000 in- 
cluding specification, claims, drawings and summary 
45 are incorporated herein by reference in Its entirety. 



Claims 

so 1. InAIGaN emitting light in an ultraviolet short-wave- 
length region, comprising: 

a ratio of composition of In being 2% to 20%, 
a ratio of composition of Al being 1 0% to 90%, and 
a total of ratios of composition of In, Al, and Ga be- 

55 ing 100%. 

2. The InAIGaN emitting light in an ultraviolet short- 
wavelength region as claimed in claim 1 wherein a 
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ratio of composition of In is 6% or more. 

3. A process for preparing InAIGaN emitting light in an 
ultraviolet short-wavelength region, comprising: 

the InAIGaN being subjected to crystal growth 5 
at a growth temperature of 830°C to 950°C in ac- 
cordance with metalorganic vapor phase epitaxy 
wherein ammonia, trimethylgallium, atrimethylindi- 
um adduct, and trimethylaluminum are used as ma- 
terial gases. 10 

4. The process for preparing InAIGaN emitting light in 
an ultraviolet short-wavelength region as claimed in 
claim 3 wherein a flow rate of the ammonia is 2 U 
min. a flow rate of the trimethylgallium is 2 jxmol/min 15 
to 5 jimol/min, a flow rate of the trimethylindium ad- 
duct is 5 |imol/min to 60 u.mol/min. and a flow rate 

of the trimethylaluminum is 0.5 }*mol/min to 10 
u.mol/min. 

20 

5. An ultraviolet light-emitting device using InAIGaN 
emitting light in an ultraviolet short-wavelength re- 
gion, comprising: 

a first InAIGaN layer wherein a ratio of compo- 25 
sition of In is 2% to 20%, a ratio of composition 
of A I is 1 0% to 90%, and a total of ratios of com- 
position in la, Al, and Ga is 100%; 
a second InAIGaN layer ratios of composition 
of which differ from that of said first layer where- 30 
in a ratio of composition of In is 2% to 20%, a 
ratio of composition of Al is 10% to 90%, and a 
total of ratios of composition in In, A!, and Ga 
is 100%; and 

involving a quantum well structure formed by 35 
laminating alternately a plurality of layers of 
said first InAIGaN layer, and said second InAI- 
GaN layer. 

6. The ultraviolet light-emitting device using InAIGaN 40 
emitting light in an ultraviolet short-wave length re- 
gion as claimed in claim 5 wherein a ratio of com- 
position of the In in said first InAIGaN layer is 6% or 
more. 

45 
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FIG. 2 



CORRELATED DIAGRAM OF GROWTH TEMPERATURES AND GAS FLOWS 
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FIG. 4 



EFFECT OF ADDING Al TO InGaN 
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FIG. 5 

EFFECT OF INTRODUCTION OF In INTO AIGaN 
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FIG. 6 
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